Parasitisms or infections with microorganisms are not rare phenomena in Drosophila. Genetical analyses of a virus responsible for COz sensitivity of flies (L'Heritier 1958) and a spirochete for "sex ratio" agent (Poulson and Sakaguchi 1961) have been performed. The present author found some killing agent for its carrier of Drosophila melanogaster, in the course of isolation of second chromosomes from natural populations in Hiroshima City in 1964, when the carriers were crossed with Cy/Pm flies, the number of F1 offspring decreased appreciably and the segregation of Curly and Plum zygotes was distorted significantly.
of the Cy-zygotes.
Hence, the killing agent was tentatively called Cy-killer (Minamori 1965a, b) .
Data presented in this paper show that the killing agent may be infective microorganism in the flies, and flies having different genotypes might have different survival rates as a consequence of disturbance by the agent.
MATERIALS AND METHODS
When Cy/Pm females were crossed with several wild males collected from a pickle factory on Tera Street, Hiroshima City in 1961, a segregation ratio between Cy-and Pin-zygotes in the offspring was distorted.
Eighteen males (7.11 %) among 253 males collected in summer and five males (1.94 %) among 258 males collected in autumn showed the segregation distortion in their offspring. These males were assumed to carry a killing agent.
Second chromosomes were isolated by a mating scheme represented in Figure 1 , from these carriers or other non-carriers.
On the other hand, these chromosomes were classified into three groups ; lethal (0 %), semilethal (less than 16.7 %) and quasinormal (more than 16.7 %) groups according to the viability of homozygotes in the F4 generation. In the present study, a symbol K is given for the carrier ahead the line number, e. g. K-89, and a symbol F is given for non-carrier, e. g. F-413.
The nature manifested by the killing agent was tested clearly by mating the carrier with Cy/Pna or other strains having marker genes.
Eight strains, which carry quasinormal second chromosomes homozygously and the killing agent, were used in this experiment.
The nature could be measured by the grade of segregation distortion and its magnitude is represented by the frequency of non-Curly flies in the offspring.
The number of progeny is also used as a measure for the magnitude of nature.
Survival rates of various zygotes in progeny from the parents carried the agent were examined by two kinds of experiments.
In the first experiment, Cy/Pm, Cy/L, Cy/bwD and Pm/L males were crossed with females of K-89 strain.
The frequencies of non-Curly or Lobe flies in the offspring were estimated.
In the second experiment, male flies heterozygous for Cy and wild second chromosomes were crossed with K-89 females. Four matings were made for individual chromosome lines. Average frequency of wild-typed Fl flies in these matings was obtained for each line.
Based on the frequency, survival abilities to the killing agent of these Fl flies were obtained.
As a host parent, four-day-old males or virgin females were prepared.
Four pairs of males and females were mated in a vial and transferred together three times into fresh culture vials (diameter 3 cm, height 10 cm) successively, at an interval of three days.
Their offsprings were scored four times every other day. All cultures were kept in an incubator at 25°C.
Effects of various temperatures on development of the killing agent were examined by breeding flies at 20°, 25° and 30°C, respectively. 1. Mating scheme for isolation of second chromosomes and substitution of first and third chromosomes carried by wild flies. ~+ : chromosome carried by wild male ; + : chromosome of Cy/Pm stock; M-5: Muller-5 ; Cy : Curly ; Pm : Plum ; Ubx : Ultra-bithorax13o ; Sb : Stubble; these marker genes are associated with large complicated inversions on each chromosome.
EXPERIMENTAL RESULTS

Maintenance of the killing agent
Fifteen strains among the 23 strains derived from wild carrier males were found to have the killing agent in the F4 generation of the mating scheme.
There was a great variation in maintaining the agent of these strains.
Three strains, K-89 and the other two, have maintained the agent in a stable state, but all other strains lost it completely within a half year.
There was no fact in the laboratory that the agent was transmitted accidentally. Attempts to get some evidences of contaminations of the agent by contact of flies or through culture medium were made, but they did not succeed, except for an ambiguous result in the preadult stage. To determine whether or not nature of the agent is controlled by any genes of the carrier, the following experiment was performed.
Females of K-89 strain were crossed with males of H-41 strain carrying a dominant marker gene on every chromosomes (M-5; Cy/Pm ; Sb/ Ubx ; pol/pol). The F1 males were back-crossed to females of H-41 strain.
In the next generation, male flies having marker genes on every chromosomes were obtained and they were crossed with females of F-89 strain.
The F-89 strain was derived from K-89 strain and proved to have no killing agent.
The frequency of Plum flies in the offspring was noticed and the result is given in Table 1 . The number of progeny in most cultures was remarkably reduced and the frequency of Plum flies was increased simulteneously.
In a few cases, no killing effect was expressed. Therefore, some H-41 males seemed to carry no or less killing agent.
However, the above result indicates that the killing agent would be carried by flies having no K-89 chromosomes.
Next, to test whether the killing agent is transmitted from male to female by copulation, the following experiment was carried out. A single female of F-89 (noncarrier) was crossed with males of K-89 strain.
After the copulation was confirmed by a direct observation, the same female was remated with Cy/Pm males.
The number of wild-typed flies among progeny of the female was appreciably small or zero. The number of progeny was scored only in matings in which no wild-typed flies emerged. Table 3 . The result shows that the agent may be transmitted by contact of larvae.
2. Effects of aging and temperature on activity of the killing agent The transmission of the killing agent by different aged males and females was examined.
Four pairs of males of K-89 strain and Cy/Pm females were crossed for two days.
Only Cv/Pm females were transferred three times into a fresh culture vial at an interval of two days.
The number of progeny and frequency of Plum flies are given in Table 4 . The killing effect was not found in the offspring of young males. However, it appeared in the offspring of males, more than two days older. The killing effect that appeared in the first subculture was weaker than those in the other three subcultures.
The result shows that the activity of killing agent would not appear in younger males within two days from the emergence, because the amount of the agent was not enough.
A similar result was also observed in the reciprocal matings. Four pairs of females of K-89 strain and Cy/Pm males were crossed on the day of emergence and transferred together into fresh culture vial at an interval of two or three days. The result is shown in the right of Table 4 . A strain (F-89) carrying no killing agent was established from K-89 strain, by selecting younger males and females as parents.
The average numbers of progeny produced by parents older than four days were less than half of those produced by parents within two days from the emergence. While, the average Plum frequencies in the progeny produced by the former parents ranged from about 57 to 69 per cent.
These results indicate that Curly flies were killed more frequently than Plum flies, though both were killed by the killing agent.
The effect of temperatures on propagation of the killing agent was examined by using carrier males reared at different temperatures.
Males of the same carrier strain were divided into two or three groups and each group was stored at either 20°, 25° or 30°C.
After eight days reservation, they were crossed with Cy/Pm females. The offspring was raised at 25°C.
The frequencies of Plum flies among their offspring are given in Table 5 . Obviously, the development or multiplication of the killing agent appeared to be more rapid at higher temperatures.
3. Various survival rates of flies to the killing agent a) Survival rates of both sexes : To clarify whether survival rates of males and females to the killing agent are different or not, sex ratio in the offspring was examined Ten such cultures were made. As a control, sex ratio in offspring was examined when F-89 males and Cy/Pm females were crossed.
Sex ratios in the offspring of both crosses were not different significantly (Table 6 ). This result indicates that the killing agent killed flies of both sexes equally.
b) Survival rates of flies carrying various marked chromosomes : The reduction in number of progeny was accompanied by the increase of Plum flies.
As such a result, it is assumed that Cy-zygotes were killed more frequently than Pm-zygotes in the offspring. This assumption was clarified by the result represented in Table 7 . The data were obtained by counting F1 flies that emerged from the same culture vial. Although Plum frequencies in the control did not fluctuate through four counts, those frequencies in the mating of K-89 decreased distinctly in the later counts. The decrement was significant (regression coefficient b=12.88 %, d. f.=2, t=9.2, P<0.05). Therefore, it may be concluded that more amount of Cy-zygotes were killed than Pmzygotes and also the development of Cy-zygotes was delayed by carrying the killing agent.
To examine the killing effect of the agent on various marked flies, Cy/Pm, Cy/L, Cy/bwD and Pm/L males were crossed individually with K-89 females and F-89 females. According to the segregation ratio of these marked flies in the offspring, frequencies of non-Curly or Lobe flies were obtained.
The result is shown in Table 8 . The number of progeny in the mating of K-89 was remarkably less than that in the mating of F-89 This result suggests that the killing effects of the agent appear to be different survival rates among Lobe, Plum and Brown zygotes. c) Survival rates of flies carrying normal or lethal chromosomes : The individual effects of 184 quasinormal, semilethal and lethal second chromosomes, isolated from a natural population, on the resistance to the killing agent were tested.
Cy-heterozygous males for those chromosomes were crossed individually with K-89 females, and frequencies of wild-typed flies in the offspring were observed.
The results are given in Table 9 . The mean frequency of wild-typed flies in the offspring in the control mating was 50.07 per cent.
The frequency of lethal heterozygotes was slightly lower in contrast to that x Cy/Pm a Table 9 . At the time of the test, most male flies have lost the agent, but frequencies of their wild-typed offspring were significantly higher than those of other series of matings. Consequently, these flies, which had lost the killing agent, might still have some resistant gene or some survival factors.
Lethal heterozygotes survived about 10 % less than quasinormal heterozygotes when infected. d) Survival rates of flies carrying single, double and triple lethal chromosomes : By the allelism test, lethal chromosomes were divided into allelic group (27 lines) and non-allelic group (39 lines).
The frequency of wild-typed offspring in the matings, K-89 . x Cy/lethal a , of allelic lethal lines was higher, being 57.90 per cent in contrast to 52.28 per cent in the non-allelic. However, the difference was not significant (d. f. =64, t=1 .77, 0.05<P<0.10).
Five chromosomes were found to carry two lethal genes and one chromosome was assumed to carry three lethal genes. The frequencies of wild-typed offspring in the matings of these double or triple lethal chromosomes, and a single lethal which was allelic to either of these genes, are given in Table 10 .
The frequency in the single lethal lines was higher than the grand mean of total lethal lines. On the other hand, those of double and triple lines were distinctly lower, being less than 50 per cent in most matings.
The difference of single versus double plus triple lines was determined to be highly significant (d. f.=12, t=3.47, P<0.01).
The above findings show that flies may reduce their survival rates by carrying a lethal gene and do so more by carrying two or three lethal genes.
DISCUSSION
The killing agent seemed to be transmitted by copulation from males to females and also by contact of larvae.
The development of the agent was affected appreciably by the aging of flies and the temperature when flies were raised. A non-carrier strain could be established from a carrier strain by selecting youngest flies, or most carrier strains had loosened the agent from generation to generation, only culturing them in the laboratory.
These experimantal results stated above would suggest that the killing agent is an infective microorganism.
However, its entity has not yet been observed under the light microscope.
The killing agent differs slightly from a virus responsible for CO2 sensitivity and the "sex ratio" agent at the point of transmissibility from either female or male to their progenies.
In Drosophila, an infective Microsporidia has been found (Burnett and King 1962 , Stalker and Carson 1963 , Kramer 1964 .
The microorganisms found by Stalker and Carson killed and sterilized carriers and they were transmitted by feeding on feces, by contact of flies, by mating, and through eggs.
The propagation was observed to become slow at lower temperatures.
The killing agent in this study is like Sporozoa, except for transmissibilty by contact of flies and through copulation of male flies. The killing agent may be a factor of selection in a natural population, because of great variations in survival rates of many flies to the agent.
The resistance of flies would be affected by the gene constitution of second chromosomes.
For instance, flies carrying quasinormal chromosomes seemed to be more resistant to the killing agent than flies having lethal chromosomes.
This finding leads to an asumption that frequencies of lethal genes might be lowered in an infected population.
There was an indication of one more mechanism of elimination for lethal genes. Flies carrying double or triple lethal genes on a second chromosome resisted weakly to the killing agent, and even the individual lethal gene showed a stronger resistance in a heterozygous condition.
According to these interpretations, the lethal frequency in an infected population might after all lowered rapidly.
The validity of this notion will be tested by surveying lethal frequencies and their seasonal changes in some natural populations.
SUMMARY
Some flies having a killing agent were found in sampled flies of Drosophila melanogastey from a natural population in 1964.
The number of their offspring was reduced distinctly, and the distorted segregation of second chromosomes in the offspring was observed by using dominant marker genes.
The killing agent was transmitted from both females and males to their progenies. The agent had been maintained by a carrier strain, though its all original chromosomes were substituted with marked chromosomes.
However, most strains, having the killing agent originally, had lost it within a year. The killing agent seemed to have been transmitted by copulation from males to females and by contact of larvae. The rate of development or multiplication of the agent at 30°C was faster than that at 20°C. Flies under two days old could not transmit the agent to their progenies.
Such experimental results indicated that the killing agent might be an infective microorganism for flies. The survival rates of flies carrying Cy, L, Pm or bwD chromosomes respectively to the killing agent were observed to be different.
The similar experiment was performed by using 184 second chromosomes isolated from a natural population. The survival rate of flies carrying chromosomes derived from the carrier strain was higher than that of flies having no infection.
Flies carrying a lethal chromosome reduced the survival rates more than flies carrying a quasinormal chromosome.
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